Severe plastic deformation (SPD) is one of the processes used to refine the microstructure of materials. Equal Channel Angular Extrusion (ECAE) is the most common method of SPD. In this study, AL-6063grain refinement was performed using the Equal Channel Angular Extrusion method. The material was extruded up to 6 passes at a temperature of 200°C following route A. A suitable die sets equipped with heating elements alongside a thermometer was employed with the intention of extruding the material. Between the two channels, there was an angle of 90°. The results showed that the material grain average diameter decreased from 45µm to 2.8 µm after 6 passes of the ECAE. The Charpy test was used for measuring the fracture energy of various samples. The fracture toughness was the function of this energy. According to this experiment, the fracture toughness rose as the number of the ECAE process elevated. Moreover, the toughness improved for 90% after 6 passes of the ECAE process.
Introduction
The mechanical properties of all the materials are directly dependent on their microstructure which is turn influences their mechanical performance. Large plastic deformation is considered to reduce the grain size. The equal channel angular extrusion (ECAE) is a process used to induce the SPD in a material. The process was first developed by Segal in 1972 in the Soviet Union [1] .The SPD in the ECAE process is caused by simple shear and can produce near-nano to nano sized equiaxed grains with a uniform dispersion of orientations at high strains [2] .The materials' mechanical properties and microscopic structures were significantly enhanced by this technique in which, as schematically displayed in Fig. 1 (a) , the specimens get strained in consecutive extrusion processes. The material in the form of a billet is extruded through an equal channel angle. The billet undergoes severe plastic deformations when it passes through the channel elbow. The processes can be performed using one of the routes A, B, or C. In route B, the specimen is rotated by a maximum 90° after each extrusion whereas the billet is re-extruded without any rotationin route A as illustrated in Fig.1 (b) . In route C, the specimen is rotated by a maximum 180° after each extrusion. For boosting the crystalline materials strength, grain refinement has been in use for several decades as an efficient means. The Hall-Petch relationship presented below clearly reveals the strength dependence on the grain size [3, 4] :
Where σ y is the yield stress, σ 0 and k y are material constants and d is the average grain diameter. Fig.2 exhibits the variation of Hall-Petch relationship with varying range of the grain size. The refinement in the grain size causes dislocation pile-up at the grain boundary, which impedes dislocation movement and increases the yield stress of the material. The micro structural aspects of the materials produced through ECAE have been comprehensively examined by many researchers over the past two decades. Severe plastic deformation techniques, including the equal channel angular pressing have been exploited by Mugharabi and Höppel [5] to investigate the bulk ultrafinegrained (UFG) metals and alloys. As a result, such materials were claimed to entail remarkable mechanical properties. In addition, it was reported by this survey that the fatigue strength of the UFG materials could be significantly boosted through grain refinement, especially in the HCF regime. With back pressure, the ECAE enabled making a sound material which had significant grain refinement at nano-scale. The microstructural evolution and mechanical properties related to the pure copper and Alloy 5083 aluminum processed by equal ECAE was scrutinized by Macheret et al. [6] revealing that the "pure" metal was prone to low temperature recrystalization afterward great strain hardening. Kommel et al [7] subjected the annealed pure copper to the ECAE reporting that the ultimate tensile strength and the microhardness of the NC copper decreased while the heat-treated NC copper acquired enhanced true tensile properties after hard cyclic deformation in the visco plastic regime. Pureck et al. [8] investigated the tensile properties and the impact toughness of the severely and plastically deformed Zn-40Al alloy. The material billets were subjected to equal channel angular extrusion. After processing, the elongation-to-failure significantly increased as the number of the ECAE passes increased. After one pass, the strength levels decreased as the number of passes increased. Softening of the alloy after multiple ECAE passes can be attributed to deformationinduced homogenisation and the continual change in the compositions of the phases after each pass. Due to the significant increase in ductility, the impact toughness of the alloy was improved by multi-pass ECAE. Kim et al. [9] studied the influences of die angle Φ and the ECAE processing route on the evolution of the microstructure of commercially pure aluminum. It was found that the grain size reduction of the material, which was processed using a die with an angle of 90°,wassignificantly more than that of a die with angle of 120°for the same numbers of ECAE. It was also mentioned that the specimens processed with route A had an elongated and banded structure and those with route C had larger number of equiaxed grains. Talebanpour et al. [10] introduced the concept of "Dual Equal Channel Lateral Extrusion", which was a counterpart of "Equal Channel Angular Extrusion". They also concluded that the hardness increased up to a limiting value beyond which it began to decline. The same trend was observed for the compressive strength. Ding et al. [11] investigated the effect of three routes of the ECAE for processing the Mg alloy. They concluded that route A is the only route that could increase the strength by the ECAE. Also, the mechanical properties of Al-xMg alloys (x = 0, 1, 5-10 wt%), processed by the ECAP at room temperature was examined by Chen et al. [12] proving that the strain rose up to 4, and the strength of Al-6 wt% Mg alloy increasingly mounted whereas there was a decline in the elongation from 31.7% to 5.5%.SERBAN et al. [13] investigated the mechanical properties of a 6063-T1 aluminum alloy processed through the ECAP method up to nine passes. it was shown that SPD (ECAP processing) had the potential to improve the mechanical properties of Al 6063 alloys significantly through grain refinement. Kucukomeroglu [14] investigated the tensile properties and the impact toughness of the severely and plastically deformed Zn-40Al alloy. The material billets were subjected to the equal channel angular extrusion. After processing, elongation-to-failure significantly increased as the number of the ECAE passes increased. After one pass, the strength levels decreased as the number of the passes increased. Softening of the alloy after multiple ECAE passes can be attributed to deformation-induced homogenisation and the continual change in the compositions of the phases after each pass. Due to the significant increase in ductility, the impact toughness of the alloy was improved by the multi-pass ECAE.
The Material, Specimens, and the Testing Device
Al-6063 alloy was employed in this work. The samples as received were annealed at 420°C for three hours and cooled in the furnace at a cooling rate of 18°C/hr. The specimens, which were composed of 10×10×120 mm billets, were extruded through a die, as shown in Fig. 3(a) .The extrusion was conducted on a 60 ton Avery universal testing machine which is presented in Fig. 3  (b) . The stress strain diagrams of the as-received and the heat-treated specimens are demonstrated in Fig. 4 . As it is observed, the ultimate strength slightly reduced from 380MPa to 340 MPa because of
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Advances in Mechanical and Manufacturing Engineering the heat treatment but the elongation of the material significantly increased from 25% to 80% which was highly beneficial for the extrusion. Fig.4 : Stress-strain curves of as-received and the heat-treated materials
The ECAE Tests
The ECAE tests were performed using 1, 2, 3, 4, and 5 passes following route A at a temperature ranging from 195° to 205°c. Eight specimens were tested during each pass. The tested billets were used to prepare the specimens for mechanical characterisation and microstructural examination of the extruded materials. Typical specimens as unprocessed, after the 1 st , the 4 th, and the 5 th pass are presented in Fig. 5 .The MOS 2 lubricant was used to lubricate the die. 
The Grain Size Measurement
The microstructure of the specimens after various extrusion passes were evaluated by metallurgraphy examination of the cross-sections of the material. The specimens were sectioned, polished, and etched in appropriate solutions after the extrusions. The etched surfaces were subsequently examined by the optical microscopy. The typical microstructures are depicted in Fig.  6 . The grains of the specimens after the first pass were significantly refined. Grain refinement was the primary cause of the increased fracture toughness of the extruded material. The grain size was measured according to the ASTM standard E112. The results are provided in Table 1 and graphically shown in Fig. 7 .The maximum reduction in the grain size (50%) occurredafter the first pass.
As received after the 2 nd pass after the 4 th pass after the 5 th pass 
The Fracture Toughness
The toughness is a measure of the amount of energy a material can absorb before fracturing. It becomes of engineering importance when the ability of a material to withstand an impact load without fracturing is considered. In this study, the fracture toughness of the extruded materials was measured using the Charpy test, which was conducted according to the ASTM E23 Notched Bar Impact Testing of Metallic Materials. The results are shown in Fig. 8 . The impact energy absorption varied cubically with the pass number. Table 2 and Fig. 8 illustrate that the impact energy varied from 1.7J to 3.2 J when the grain size decreased from 45µm to 2.8µm. 
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Conclusions
According to the results obtained, the average grain diameter decreased from 45 µm to 2.8 µm after 6 passes of the ECAE process furthermore, it can be conclude that grain refinement was the primary cause of the increased fracture toughness of the extruded material. The impact energy absorption varied with respect to the number of passes. A total increase in theenergy absorption of approximately90% was observed for the material after 6 passes. 
